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1 .  Pe£i£$^of ^Saggor t j^D^S^Araj^Re *e »r ch^Of f io*^ 

The  U.  S.  Army  Research  Office  supported  our 
research  in  a  series  of  grants  beginning  in  September  1956 
and  ending  in  September  of  1981. 

The  most  recent  grant  covered  the  period  September 
25,  1978  through  September  24.  1981. 

This  final  report  formally  covers  this  last 
three-year  period.  However,  in  view  of  the  very  extended 
support  of  our  research  by  the  U.S.  Army  Research  Office, 
and  the  oessation  of  this  support  after  a  25-year  period, 
it  seeas  appropriate  to  oover  the  entire  period  to  soae 
extent . 


This  report  is  slightly  delayed  due  to  lack  of 
secretarial  assistance  deriving  from  the  precipitous  and 
unexpected  cessation  of  ARO  support.  Thus  the  report  has 
had  to  be  prepared  in  its  entirety  by  the  Principal 
Investigator  himself. 

2  .  Most^Recent^Grant  JJumber^  DAAG2  9-7  8-G-0204  . 

Cons ider ing~the~very  long  period  of  support,  our  records 
do  not  aaintain  the  various  grant  numbers  over  the  entire 
pexiod  of  25  years. 

3.  Tit  1 e^of ^Re se arch^Pro^ec t£  Our  most  reoent  title  is: 
"Study~of ~Photophysical~Proce s se s  and  Molecular 
Transformations  of  Excited  States." 

The  title  previous  to  this  one  was  "A  Study  of  Unstable 
Organic  Species  and  Unusual  Organio  Transformations." 

The  first  title  covers  the  last  six  yesrs  of  research 
support . 

4.  Personnel  Suggor ted ^Dnring^the^Ls*t^3^T ear, v Period,-, 


Individual  and  Aunt 
Jeffrey  Blood  (Res  Asst) 

Richard  Bunce  (Res  Asst) 

Craig  Canfield  (Res  Asst) 
Paula  Clausen  (Secretary) 


Present  Position 

Completed  Ph.D.,  now 
at  Eastman  Kodak  Co. 

Completed  Ph.D.,  now 
Postdoctoral  Fellow  at  Berkeley 

Still  doing  graduate  study. 

Moved  to  another  position. 


Thomas  Gannett  (Has  Asst) 


Completed  Ph.D., now 

at  B.  I.  DuPont  da  Nemours  and  Co, 


Timothy  Hirxal  (Rat  Asst) 


Completed  Ph.D.,  now 
at  Koniaato,  St.  Louis 


Doreaa  Lynch  (Rasaroh  Asst)  Still  doing  graduate  study. 


John  Nuts  (Rat  Asst) 


Stil)  doing  graduste  study. 


Robert  Pasteris  (Res  Asst) 


Completed  Ph.D.,  now  at 

E.  I.  DuPont  de  Nemours  and  Co. 


John  Penn  (Res  Assistant) 


Completed  Ph.D.,  now  Postdoctoral 
Fellow  at  Univ.  of  Utah 


Richard  Swafford  (Res  Asst) 


Still  doing  graduate  study. 


Anthony  Tantillo  (Res  Asst)  Still  doing  graduate  study. 


ISlLlA££tiSS«MS£MAROwSuSSortedwRa<|ea£ch 

a.  A  oomplete  list  of  publications  describing  A.R.O.  supported 
research  is  attached. 

b,  Publications  during  the  most  recent,  three  year  grant  period 
as  listed  in  the  following.  These  total  17  in  number. 


"Stereochemistry  in  the  Di-n-Methane  Rearrangement;  Aryl  Migration. 
Exploratory  and  Nechanistio  Organio  Photochemistry,"  H.  E.  Zimmerman 
T.  P.  Gannett  and  G.  E.  Each,  J.  Amer.  Chem.  Soo.,  1978,  100, 
323-324. 

"Unaual  Reg io se 1 ec t iwi ty  in  the  Di-n-Methane  Rearrangement. 

Resotion  Inhibition  and  Control  by  Eleotron  Donating  Substituents. 
Mechanistic  and  Exploratory  Organio  Photochemistry,"  H.  E. 

Zimmerman  and  1.  T.  Gruenbaum,  J .  Ora .  Chem . .  197S,  4£,  1997-2005. 

"Vinylcyc 1  opr opens  Photochemistry;  Photochemistry  Applied  to 
Organio  Synthesis.  Exploratory  and  Nechanistio  Organic 
Photochemistry,"  H.  E.  Zimmerman  and  S.  M.  Aasen,  J.  Ort.  Chem.. 
1978,  43,  1493-1506. 

"Differing  Substituent  Effects  on  Rates  and  RegioseleotiTities  in 
the  Di-n-Methane  Rearrangement.  New  Photoohen ical  Theory: 

Excitation  Distribution  (the  AP  Matrix),  Reaction  Inhibition  by 
Vertical  Excited  State  Stabilisation,  Ground  St'ite  ts.  Excited  State 
Control,"  H.  E.  Zimmerman,  1.  T.  Gruenbaum,  X.  T.  Kluu,  M.  G. 
Steinmetx,  and  T.  R.  Welter,  J.C.8.  Chemical  Communications,  1979, 
228-230. 


"Control  of  Reg lost  1  to t It  1 ty  and  Excited  State  Singlat  Raaotlon 
Xitn  by  Snbstltntion  In  tbo  Di-x-Nethane  Rearr angeaent .  Mechanistic 
and  Exploratory  Organio  Photoeban 1 atry , "  H.  E.  Ziantrnan  and  T.  R. 
Walter,  J.  Anar.  Chan.  Soc..  1978,  100,  4131  4145. 

"The  Aryl-Vinyl  Methane  Veraion  of  the  Di-x-Meth*ne  Rearrangement. 
Mechanistic  and  Exploratory  Organio  Photochemistry, "  R.  B.  Ziaaeraan, 
M.  G.  Steinaetx  and  C,  L.  Kreil,  J,  Aaer.  Chen.  Soc..  1978,  100, 
4144-4162 . 

"The  Di-x-Nethane  Rear r angeaent  of  Systeas  With  Siapla  Vinyl 
Moieties.  Mechanistic  and  Exploratory  Organic  Photooheai stry , " 

H.  E.  Ziaaeraan  and  R.  T.  Klun,  Tetrahedron.  1978,  4J, 

1775-1803. 

"Molecular  Control  of  Excited  State  Cross-Conjugated  Triene 
Rearrangements.  Exploratory  and  Mechanistic  Organio  Photooheai stry ,  " 

H.  E.  Ziaaeraan  and  D.  R.  Diehl,  J.  Aaer. _ Chea.  Soc. .  1979,  101, 

1841-1857. 

"Ster eooheai stry  of  the  Aryl-Vinyl  Version  of  the  Di-n-Methane 
Rearrangement,"  E.  E.  Ziaaeraan,  T.  P.  Gannett  and  G.  E.  Keek, 

J.  Ora.  Chea..  1979,  44,  1982-1989. 

"Unusual  Organio  Photooheaistry  Effected  by  Cyano  and  Methoxy 
Substitution.  Exploratory  and  Mechanistio  Organio  Photooheaistry," 

H.  B.  Ziaaeraan,  D.  Araesto,  M.  G.  Aaesua,  T.  P.  Gannett,  and  R.  P. 
Johnson,  J.  Aaer.  Chea.  Soc..  1979,  101,  6367-6383. 

"Thu  Bicycle  Rearr angeaent :  Relationship  to  the  Dx-x-Me thane 
Reaxrangenent  and  Control  by  Bifunnel  Distortion.  Mechanistio 
and  Exploratory  Organic  Photooheaistry,"  H.  E.  Ziaaeraan  and  R,  E. 
Factor,  J.  Aaer.  Chea.  Soc..  19EO,  102,  3538-3548. 

"Rod-like  Organic  Molecules;  Energy  Transfer  Studies  Using  Single 
Photon  Counting, "  H.  E.  Ziaaeraan,  T.  D.  Goldaan,  T.  I.  Hirxel  and 
S.  P.  Schnidt.  J.  Ort.  Chea..  1980,  45,  3933-3951. 

"Regioselectiwity  in  Cyc 1 ohexad i enone  Photooheaistry;  the  Role 
of  Zwitterions  in  Type  A  Photochemical  and  Dark  Rearrangements. 
Mechanistic  and  Exploratory  Organic  Photooheaistry , "  H.  E. 

Ziaaeraan  and  R,  J.  Pasteris,  J .  Or a .  Chea . .  1980, 

45,  4864-4875. 

"Type  A  Zwitterions  and  Cyclohexadienone  Photocheaical  Rearrange¬ 
ments.  Mechanistio  and  Exploratory  Organic  Photooheaistry,"  H.  E. 
Ziaaeraan  and  R.  J.  Pasteris,  J .  Ora .  Chea . .  1980,  4£, 

4  876-4891  . 

"Di-n-Methane  Hypersurf sees  and  Reactivity;  Multiplicity 
and  Regioseleotiwity;  Relationship  Between  the  Di-x-Me thane 
and  Bicycle  Rearrangeaeut s , "  H.  E.  Ziaaeraan  and  R.  E.  Factor, 
Tetrahedron,  1981,  2.Z*  Supplement  1,  125-141. 
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"New  Reactions  tad  Theory  la  Organic  Photooheaistry :  The  1,3- 
Vinyl  Migration  nad  it*  Ktltviaoi  to  Exchange  Integral  Control,” 

H.  E.  Ziaaeraan,  X.  E.  Poaa  aad  N.  R.  John non.  Prop.  Natl.  Acid. 
Sol.  PSA.  1911,  1%.  2021-2025 . 

"Evaluation  of  Siaglo  Photon  Conatlag  Measureaenta  of  Bzoltad  Stata 
Lifetlaes,”  H.  B.  Ztmaaraaa,  I.  B.  Paaa  aad  C.  V.  Carpenter,  Pr  oc . 
MJLtIj._Ail4jL_5cij._5iA .  aehadal ad  f  or  Janaary  or  February. 


TechiUcal^De tail e^of^Re sear ch^During^t he^Th re e^Teaj^Period^ 
A~coapr chens ive  raport  of  ao eoapl 1 ahaaat a  tat  aada  la  oar  raoaat 
ranaval  application,  aaaaly  tha  renewal  which  tti  taraad  down. 
Additionally,  detailed  aaaiaaaaal  taohaioal  raporta  hara  hcaa 
taraad  in. 


General  Aoeoapl i ahaanta  Daring  tha  Three  Tear  Period, 

Oar  research  haa  been  eapecially  aaeoaaafal  in  adding  to  basic 
research  knowledge  of  tha  photophyaical  and  photochaaical 
processes  available  to  and  atilisad  by  excited  stata  aolecalaa, 

Acooanl i shaents  Made  Possible  by  tha  26  Tears  of  ARO  Research 
Support : 


Oar  ARO  grant  support  began  in  1956  whan  tha  Principal 
Investigator,  Howard  B.  Ziaaeraan,  was  a  young  Assistant  Professor* 
Tha  iapaet  of  A?.o  support  has  been  three-fold.  On  one  hand  it  has 
contributed  a  naaber  of  basic  and  laportant  scientific  findings 
and  oheaical  concepts  to  tha  field.  Secondly,  it  has  contributed 
to  the  davelopaent  of  the  scientific  recognition  of  the  Principal 
Investigator.  Finally,  it  has  supported  tha  graduate  and  postdoctoral 
studies  of  a  large  naaber  of  very  highly  skilled  and  creative 
students.  Many  of  these  have  gone  on  into  independent  careers  and 
are  now  known  professionally.  Thus  66  forner  students  of  Howard 
B.  Ziaaeraan' a  foraer  students  have  becoae  professors,  aad  an 
appreciably  large  fraotion  of  these  were  supnorted  by  ARO?  This 
has  created  considerable  good  will  for  ARO  a  -d  its  objectives. 

The  Principal  Investigator  received  the  1976  Jaaes  Flack 
Norris  Award  of  the  Aaerican  Cheaical  Sooiety,  the  1979  Halpern 
Award  for  Photocheaistry  of  the  New  York  Aoadeay  of  Soience,  and 
was  eleoted  in  1980  to  the  National  Aoadeay  of  Soiences.  It  was, 
indeed,  ARO  support  which  helped  aake  this  recognition  possible. 

Scientifically,  ARO  has  had  aajor  iapaet. 

Thus,  even  the  first  paper  describing  ARO  sponsored 
research.  Reference  10  in  the  oonplete  bibliography  below  is 
now  quoted  as  laying  the  groundwork  for  the  stereocheaistry 
of  aldol iaation.  This  paper  provided  evidenoe  for  a  six-aeabered 
transition  state  in  aldol ixation,  Reforaatsky  and  related 
reactions . 


Tha  pkotoekialoil  ptpirt  provided  bull  theory  which 
allowed  and  catalysed  the  rapid  growth  of  photoeheaieal  research. 
The  Principal  laweatigator ' a  reaeareh  troop  waa  one  of  the  two 
original  gronpa  in  the  U.S.  whieh  initiated  detailed  photoeheaiioal 
studies.  Moat  photoohenieal  reaeareh  now  followa  in  theae 
footatepa.  Note  the  photoeheaieal  refereneea  in  the  ooaplete 
bibliography  below. 

Reference  in  the  eoaplete  bibliography  deaoribea 
the  Mdbiua-Hf  okel  Conoept  whieh  haa  beeoae  an  integral  part 
of  aodern  oheaiatry.  It  ia  to  be  found  now  in  aoat  eophoaore 
organie  oheaiatry  textbooka. 

The  abowe  are  aoae  salient  exaaples  of  the  reanlta 
of  the  26  years  of  ARO  reaeareh. 

general  Coanents About  ARQ  Pnndlni_oi_Ja_Kl_e_  Rticarch; 

It  ia  obwiona  that  the  Prineipal  Investigator  appreciates 
the  26  years  of  anpport  of  hia  reaeareh  by  AKO.  Thia  anpport 
has  generated  very  warn  feelings  towards  AKO  also  by  students 
supported  in  their  Ph.D.  and  Postdoetoral  endeavors.  Beyond 
this,  fellow  atndenta  supported  by  other  aeana  elearly 
developed  positive  feelings  abont  AKO  in  the  prooeas.  Many 
of  theae  people  now  are  sen  of  international  stature  in 
research. 

However,  ARO's  precipitous  withdrawal  of  support  from  the 
Principal  Investigator  was  at  a  tine  when  V  »  reaearoh  haa 
been  nost  aueoeaaful  end  when  AKO’s  confides je  in  hie 
efforts  should  have  been  nest  elearly  Justified.  This 
withdrawal  at  a  tine  when  reaeareh  fanning  is  nost 
difficult,  esused  severe  hardship.  While  the  Prineipal 
Investigator  reeognised  the  ever  inereaaed  deaand  for 
relevaney,  he  was  assured  by  Amy  researehers  that  relevanoe 
was  not  looking  in  hia  work.  Also  he  is  a  bit  baffled  by 
support  of  younger  people  of  lesser  stature  in  the  ease 
period  as  ARO's  withdrawal.  That  sons  of  >.his  support  is  for 
photoeheaioal  reaeareh  pioneered  by  the  Psinoipal 
Investigator  is  not  too  understandable. 

Nevertheless,  in  ligk.  of  the  26  years  of  ARO  loyal  support, 
this  present  eoaaent  reflects  priaarily  baffleaent.  ARO's 
past  help,  eneourageaent ,  understanding  and  loyalty  won't 
be  forgotten. 

grannies  of  the  Principal  lave ttixetorls  Femur  Students 
ARO  Supported  end  Not.  Banefittins  From  ARO  Supoorti 

Professor  Albert  Padwa  -  Bnory  University.  Presently  a  leading 
Organie  Cheaist. 

Professor  Harry  H.  Morrison  -  Purdue  University.  A  leading 
photoeheaist. 
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Ptofmot  David  X.  Stktittt  -  Nit  York  UaiTittlty.  Alto  i 
leading  photoohaaiat , 

Professor  Jaqtn  Naalaltkl  -  Bond  of  tko  Chao.  Dept.,  Univ. 
of  Brussels  and  an  internationally  kaova  ohaaiat. 

Profataor  John  S*  Swanton  -  Ohio  Stata  Univ.  A  leading 
organio  ohenlat. 

Profataor  Hiian  Iwaaura  -  Tnatitnta  for  Molecular  Science, 

Japan.  Ona  of  tha  aoat  influential  younger  Japanaaa 
photoohaaiata . 

Profataor  Gary  Keek  -  University  of  Utah.  Said  to  ha  tha 
aoat  proaiaing  and  brilliant  ycnng  organio  ohaaiat. 

Profeasor  Patrick  S.  Mariano  -  Uniyaraity  of  Maryland.  Another 
of  tha  oonntry'a  aoat  anargatie  and  productive  organio  ohaaiata. 

Profataor  John  J.  McCullough  -  McMaatar  Uniyaraity.  Ona  of 
Canada's  aoat  outstanding  few  organio  photoohaaiata. 

Profataor  Jaaaa  Pinooek  -  Dalhouaia  Uniyaraity.  A  particularly 
anargatio  and  brilliant  young  Canadian  photoohaaiat . 

Profataor  Albert  C.  Pratt  -  Dublin.  Tha  aoat  eainent  Irish 
organio  photoohaaiat. 

Professor  Laran  Tolbert  -  Uniyaraity  of  Kentucky.  Another 
wall  known  young  organio  photoohaaiat. 


11  •  List  of  ARO  Support  ad  _geriaaa*l.  and.  Currant.  Position 


BABCKSTROM.  Pater 
Assistant  Professor 


BAKER.  Joseph  T. 


CRUMRINB,  David 
Assoaiata  Professor 


Dapartaant  of  Organio  Chaaistry 
Tha  Royal  Institute  of  Teohnology 
S-100  44 

Stoekholn  70.  S1EDBN 

Rooha  Rasaaroh  Inntituta  of 
Marina  Pharaaoology 
4-10  laaan  Road,  Daa  Why 
P.O.  Box  255,  pea  Why,  109) 
N.W.W..  AUSTRALIA 

Dapartaant  of  Chaaistry 
Loyola  University  of  Chioago 
Chisago,  Illinois  60626 


BBBRBACB,  Wolfgang 
Ptofmot  (Cl) 


FLBCBTNBR,  Thomas 
Anotliti  Ptofmot 


BORNBACK,  Joseph 
Atioolito  Protestor 


IWAMURA,  Hilts 
Professor 


KECK,  Gary 
Assoeiete  Professor 


KURTZ,  David 
Asaooiete  Professor 


MARIANO.  Patriek  S. 
Professor 


NC  CULLOUGB,  John  J. 
Professor 


MC  KELVET,  Rons  Id 
Academic  Staff 


MORRISON.  Berry 
Professor 


NASIELSKI,  J 
Professor 


NASIELSKI,  Rsynonde 
Assistant  Professor 


PADVA,  Albert 
Professor 


Chemisohes  Lehorstorlnn  der  UniTOtsltf  t 
Albertstr.  21 
7100  Prelbmri 
WEST  GBRMANT 

Department  of  Chemistry 
Cleveland  State  University 
Cl  ere  1  end ,  Ohio  44115 

Department  of  Chemistry 
University  of  Denver 
Denver,  Colorado  S0210 

Division  of  Applied  Moleonle  Soienoe 
Institnte  of  Moleenler  Seienoe 
Myodsi j i »  Oksseki  444 
JAPAN 

Department  of  Chemistry 

University  of  Utah 

Salt  Lake  City,  Utah  94112 

Department  of  Chemistry 
Ohio  Northern  University 
Ada,  Ohio  45810 

Department  of  Chemistry 
University  of  Maryland 
Collepe  Park,  Maryland  20742 

Department  of  Chemistry 
MoMaster  University 
Hamilton,  Ontario  CANADA 

Department  of  Chemistry 
University  of  Wiseoni sin-LsCross 
LaCrosse,  Wisconsin  54601 

Department  of  Chemistry 

Pnrdne  University 

West  Lafayette,  Indiana  47907 

Service  De  Chenie  Orgaalque 
Universite  Libre  de  Brnxelles 
50,  Avenrne  F.  D.  Roosevelt 
Brnxelles  5,  BBLGIUM 

Service  De  Chemie  Organiqne 
Universite  Libre  de  Brnxelles 
50,  Avenrne  F.  D.  Roosevelt 
Brnxelles  5,  BBLGIUM 
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